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FOREWORD

This report was prepared by the Research and Engineering
Division, Aerospace Group, of The Boeing Company under
Air Force Contract F33615-72-C-1580, "Propulsion System
Installation Corrections", Project 1366. The program was
conLucted under the direction of the Prototype Division,
Air Force Flight Dynamics Laboratory, Air Force Systems
Command. Mr. Gordon Tamplin was the Air Force Program
Monitor.

The program was initiated on 31 December 1971 and draft
copies of the final reports were submitted for approval
on 31 October 1972.

Dr. P. A. Ross was Program Manager and Mr. W. H. Ball
was principal investigator during the program. Significant
contributions to the program were made by the following
Individualsr Mr. Joe Zeeben, engine performance; Dr. Franklin
Marshall, irniet and exhaust system technolegy; Mr. John Petit,
nozzle internal performance and nozzle/afterbody drag; and
Mr. Gary Shurtleff, progrp.mming.

This report contains no classified information extracted
from other tiasified reports.

Publicati•c, c! this report does not constitute Air Force
approval ',,e report's findings or conclusions. It is
publisho- - for the exchange and stimulation of ideas.

Lt. Col. Ernest J. Cross, Jr.
Chief, Prototype Division
Air Force Flight Dynamics Laboratory
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ABSTRACT

This report prescnts the result:; of a research progra. to
develop a procedure for calculati.nc; TropulIsion :;y,;tem in-
stallation losses. These los;as iacludo inlet and Jiizzl,
internal losses and vxternal drag ]ocses for a wide variet'y
of subsonic and supersonic ai'crcrft confiqurationz; up to
Mach 4.5. The calculation procedure., which was lrgely
developed from existing engineer infj raedur,.,(tn(I *ý:xoo:ri-.
mental data, is suitable for preliminar, ';tuudios of
advanced aircraft conficturatolon;. inriine.rino dosrri, ptionW,
equations, and flow charts are provided to heir) in adar
the calculation procedures to d(IitiI c(-ir:,utLer ro'lt nI:;.
Many of the calculation procedures hav,, already 1beern pr,ýor ivA
on the CDC 6600 compuLtr. Proqram Hi.,stjn,i-. .;nd f111.1 Y.h,-t
are provided for the calcul.ition prcodurenr tLat,. i-wiv, heen
programmed. Tho work accomp]i Thed Iurinri th- nr,.,I, 1,1
tained in four separate volumc,;. Vol:ume I contain, -in
engineering description of th, calci]fati,, rrlrocr,,roe;.
Volume II is a proqrainerl's ma:nual (,ontainiinq flow.; :rt,
listings, and subrouti ne dusc riptLion;. Vulim,11 ILI ,Contitin.
sample calculations and saimno],2 ilnput data. VOl u.",. IV c.'n-
tains i )okkeep.ing definitions and data eorrelatin.;.
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SUMDOLS A .NOMENCLATURE

Aiea, in2

Ac Inlet capture area, in2

( AO Local stream tube area ahead of the inlet, in2

AO Free-stream tube area of air • inering the inlet, in2

at Aspect ratio, dimensionless

B Velocl.tj decay exponent, dimensionless

C Sonic velocity, ft/sec.

CE Drag coefficient, D , dimensionlessC q4AREF

C-D Convergent-divergent

CD Additive drag coefficient,CD CDADD , dim n-ionless
DADD ~AD!)m A

CD Aftorbody drag coefficient,- 2 A, Pifens,,JoI•i•is
C VAX Base drag coefficient (PbP"I)ABASE- climensionl_.ss

CDBase ,AX

CD Scrubbing drag coefficient, DRAG ' dimensionl.-s

F
Cf Thrust coefficient, • , dimensionless

g -cpl

Stream thrust coefficient, di.onsionlcs.,
(Cs (defined by Figure 48 of Volume IV)

CV Nozzle velocity coefficient, dimensionless

Cony. Convergent

D Drag, lb.; Hydraulic Diameter,_!A # in., di.-%mrtr, Il.
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SI DOLS AND NOMENCLATURE (Continued)

F Thrust, lb.

F Ideal gross thrust (fully expanded), lb.

f/a Fuel/air ratio, dimensionless

g Gravitational constant, ft/sec2

h Enthalpy per unit mass, BTU/Ib.; height, in.

hfan Enthalpy of fan discharge flow, BTU/lb

hpri /nthalpy of primary exhaust flow after heat addition
pri 8TU/lb

ht Throat height, in 2

K Velocity decay coofficient, dimensionless

L Length, in.

H Mach number, dimensionless

P Pressure, lb/in2

P r Relative pressure; the ratio of the pressures pa
and pb corresponding to the temperatures Ta and 7
respectively, along a given isentrope, dimension!..:s-,-

P T Total pressure, lb/in2

Q Effective heating value of fuel, BTU/Ib.

q Dynamic pressure, lb/in2

R, r Radius, in.

S Nozzle centerline spacing, in.

T Temperature, OR

V Velocity, ft/sec
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SMBOLS AND NOMENCLATURE (Continued)

W Mass flow, lb/sec

WBX ,Bleed air removed from engine, lb/sec.

W, W V" Corrected airflow, lb/sec.

Wf Weight flow rate of fuel, lb/sec.

SW 2 Weight flow rate of air, primary plus
secondary, lb/soc.

W Primary nozzle airflow rate, lb/sec.

x Length, in.

a Angle of attack; convergence angle of nozzle, degrees

y Ratio of specific heats, dimensionless
SAP T

C Diffuser loss coefficient, , dimensionless

Burner efficic'ncy, dimensionless

V Kinematic viscosity, ft 2 /sec.

p Density, lb/ft 3

SUBSCRIPTS

B Burner

b, base Base flow region

BP Bypass

BLC Boundary layer bleed

btail Boattail

c Core (nozzle); capture (inlet)

DES Design conditions
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SYNBOWX MAND NftMENLATURE (Continued)

SUBCRIPTS
e Boattail trailing edge

EFF Based on effective area

ENG Refers to engine demand

f Fuel

g gross

GEOM Based on geometric area

int Interference; internal

ip Ideal, primary exhaust flow

Jet Exhaust flow jet

max Maximum

min Minimum

s Scrubbing flow region

SPILL Spillage

T Total condition; throat station

tf Total condition, fan flow

T/O Takeoff

t p Total condition, primary flow

o Local conditions ahead of inlet

2 Compressor face station

8 Nozzle throat station

9 Nozzle exit station

18 Fan discharge throat station

Free-stream condition

x Local



SECTION I

GENERAL DESCRIPTION OF COMPUTER PROGRAM

The engine installation calculation procedure naturally
breaks into three divisions: inlet, engine, and nozzle/
afterbody. Each of these divisions is represented in
TEM-333 by a set of subprograms logically subordinate to a
monitoring subprogram which functions as a quasi-main
program for that set. The term module will be used to
designate a quasi-main and its subordinate programs. Further,
within a module procedures are subprogrammed to isolate the
procedures from one another and to isolate logical diriction
pi gramming from computational programming. The benefits
of this organizction are threefold. First, checkout. Each
module caa be checked out independently of the others. Secondly,
logical simplicity. The logical structure of the program
as a whole is more apparent. Individudl subprograms are
simpler; being small with a limited p.,Arpose. Finally, ease
of modification. Engine installation programs are constantly
undergoing modification so the ability to attach and detach
new modules or procedures quickly is a necessiiy. The small
subprogram-module arrangement allows for quick change since
the connection to the next level is more apparent.

The modules are tied together by subroutine COMPUTE which
calculates the installed performance for a single uninstalled
performance point. The main program, TEM-333, handles calls
to the input routines, then reads the uninstalled performance

( points one-by-one; calling COMPUTE for each, outputting data
when required until the last point has been computed.

Programs included in T&L1-333 and their purposes are:

TEM-333 - Main Program, monitors program logic

CO4PUTE - Controls calculation of a performance point

Inlet Module

TABIN - Reads Inlet Input Deck

INLDRAG - Monitors Inlet Drag Computation

AIRBYP - Computes External-Compression Mode

(I



AIRSPL - Computes Mixed Compression Mode

SIZINL - Computes Inlet Capture Area

DEMAND - Computes Engine Demand

AREAF - Computes F1 where A F

Afterbody Module

ABINPT - Reads Nozzle Input Deck

DRAGAB - Monitors Afterbody Drag CaLculations

DINTFR - Computes No~zle Interference Drag

DB0ATR - Monitors Boattall Draq Computdt ion

DBASER - Computes Base Drag

DBTTB - Computes CDBT = f(M, PS)

CDC0NV - Monitors C-D Nozzle Boattail Computation

PLUGMX - Computes Boattail Drag for Plug Nozzle,
Mixed Flow

PLUGNM - Computes Boattail Drag for Plug Nozzle,
Non-mixed Flow

DRG - Computes Boattail Drag for C-D Nozzle

SUBBT - Computes Subsonic CDBT for C-D Nozzle

SUPET - Computes Supersonic CDBT for C-D Nozzle

CABTAB - ComputesCDBT as Function of A1 0 /A 9

AEXHST - Computes Nozzle Exit Area

Engine Module

PERF - Computes Gross Thrust

CHKRP - Computes Thermodynamic Properties at
Throat

2J



SGYfhStT - Performance of Propulsive

Nozzles

; NiW T - Computes Enthalpy Given Teimperature

T011 - Computes Temperature GivtmEnthalpy

PROFH - Computes Relative Pressure Given Enthalpy

t HOPFPR - Computes Enthalpy Given Relative Pressurv

C0FH - Computes Critical Velocity Given Total
Enthalpy

C0FHT - Computes Critical Velocity Given Static
* Enthalpy

Miscellaneous Programs

STORE - Stores results of a performance point.

OUTGO - Outputs an engine performance matrix

WARNING - Prints warning message heading

FIXDIM - Determine dimensions of A8 and A9 input

ATM0S - Computes atmospheric data

DATA - Transfers and output input card images

Tabular Input Programs

C TABLl - Inputs table format 1 tables

TABL2 - Inputs table format 2Q tables

TABL22 - Inputs table format 2K tables

TABL3 - Inputs table format 3 tables

PLACIN - Reads a tabular array

K0UNT - Counts non-blank input fields

Linear Interpolation Programs

TABUl - Interpolates F - f(x)

TABU2 - Interpolates F - f(x~y)

3



TABU3 - Interpolates F = f(x,yz)

• IFIND - Finds Interpolation Interval

FACINT - Computes Interpolation Factor

CVINT - Perform Linear Interpolation Calculation

4
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SECTION I11

DESCRIPTIONS OF SUBROUTINES AND LISTINGS

SUBJECT: PROGRAM T1M-333

PURPOSE: Main Program TEM-333 monitors the overall
program logic.

METHOD: All supporting data is input, then the program
reads performance points one by one, computes
and stores the results, and outputs an array
of results whenever Mach or altitude changes.

USAGE: PROGRAM TEM333 (INPUT, OUTPUT, TAPE5, TAPE6 =

4UTPUT, TAPE1 = INPUT)

tNPUT or TAPE1 System Input

OUTPUT or TAPE6 System output

TAPE5 Card Images of Input

TAPE7 MARK II output

SUBPROGRAMS: ABINPT DATA FIXDIM

OUTGO STORE TABIN

TABLI TABL2

(!
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WRTLL DATA CARD IM4ES
OkiUJ ,FILE AND on TAPE 5

IREAD andWRITtE
TITLE

READ ENGINE BLEED TABLE

READ REERNLET NOZZT DRATADC

(CALL TABINI

EAD :A

CREAD AFTERSODY INPUT DATA DECK

F SuET 1: FL SOW CH ART FOR PRGAM AND X~
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OF ARRAY FOR LAST

YS MAC H - ALT
ICALL OUTGOI

CSTO

DCARD IMAA CA

FE ROR • • O

ONVRT.S 
|ST 

AO

ARRAY FOR FDTA

YES Q2 I YES '-.MACH - ALT

REA URE

CARD NO

READ PERFORMANCE
- mm -- mm m~mm POINT DATA

CARD IMAGE

CONVERT All F CP AR3
INPUT FIELDS TO All
AND A9 90 INCHES, OF

• REQUIRED

I-- -SFC FN

S~~Figul~r: FLOW CHART FOR PROGRAM TEN 333 (Cwtl)
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PRINT OUTPUT NO ALT-MACH POINTS.
Nw YS ARRAY FOR LAST NALT~ 1

ALTIUDEMACHALTSAVE ALTITUDE

INCREMENT
NO. OF ALT-MACH 

.

ATEX CASEEN

ACH-10

Fi ur TE 
FL W C A T F R P O RMIE 

3 C n l d d

?8



0 0
00

00
00 U

00

00 0

00 IL

00I

0088
cc,

000 000~0I

00
00
00

00 ej
00a .I-

M ra 4 P er 
1Li0 In 4 1

B00 w re

00 * 0 0 aUC3~ 4 a 0Z 0 1 .3s1

88 Z ZP az -4 zz
00 I ~ ~ ~ ~ 0- 1.W4gQIJ - 64U~

ac * 00.
004d~-~ggl 

1 :% ~ s 1

000 A

00 Z UfI%0 IO Z0J4 aaf- .P 2 IJ4 0 I

0l.Z !4~ %1 --. 4J ~ ii( ~ ~ 0 1 (

coZ IN.,%.U 2 j2% i~% i. a0 -
oo 0I014it 1. 4 %41 I'I % % N4- 4* % . .

00 11"- 2 C0Il0000 0.0-~ ~ ~ t4
4

d'
4 

'--

00 .il a., WIC0~ ~O*''C~L I) '.Uh-~

00 Wt6 (A

cc I Poo U Z



0 0

00

00
00 00 0

0.0
00I

00

00

00I

00
00

00 j

00I

00'

00!
00 .

00-

R-

00 on 4 % 0 s.4f. " I

001 0 0 4 4f ,Y 4NW
0 0 g 1 1 4 X" 4 11 0 a. 1 2 - 4 11 'e*a -I w w wefr w ofo I yW etyY(
00 00 00000 .3 *3 1 3nn(' j a,' i0

$.-1 04 04P 4
C00 -. JU
cc . . ~ *% - 4*

co* 4-

00 2- U0 . U.-e'.

00, - I2* *2-
00 8.0m4 .3Z 4AU4I -
co W I.. at-B~-4 - . 24 0f
cc Z 4.4V0.% sU d .4
00 "" a

0c 10 0 A0 0u Al
0!0'-z z 10; . % (%Z * 3 c % ~ i- ~ . .

00 U -..0Z ~ r00 000 'x '.x

%N0., w I4.) JUUIIUO

%. 0.2 "0).I 2 a 1.4 U. I.)M 0.

'9. a2 ' -A 1) 11 0- .'11 1

cc A 3121JJ~l~0' ZI142~*'9J1~1,4 me,,.r ,
V)If z0~ ~ O 9 O ' ' Q 0 0 O,''~00o $4L~ 49202a)111Ja,11- dju.0j T*I.jJjri

a ý' 1 4& 19



Ix a

* .I4

le I

I I
Z * 11 :t eA

4'4-

(I~ uI1 % .u , :

49 of 4NN



CS VI .

9242Lv o f y ft I

.4 ev C 3 II' #% 1 1 0, 2'2'

I j 0 4 1 w .

f4 on P% -

Mi P,.4 f"IL A u0lU 0 s. 00
.1 0 .4 m k00 MA t .4

'0UN0I" 44P~Y -01 -# 2 1U : 0a 4 44 4v s a

13C t m42 M 1 i14 jZ:2 1 to " S.2 sit 43.2 t2

00 L. 0 a
q C; It 10 o.

fy Ic Ia (.9 a N m .
Nl fi. N. fSO Zo us (3

m0 Jon UA 00'0 Oi 0 *. C . 43
OIS: I0 4 .4 .4. f94 04)dis e

'A. 'a f K11 1 .
Al' 000 . 0 0m 040L3 u C2. S It.~ r

Aj4. inN ".44"s %

ff99."99. .. 12 -to' .213 13 as8.%,t '
Cis aA Il 3 Co # #A ( 3 0 C 411,S4 .2 0 SanrQrIP r1,,~ t3 p

6.26 T II IV'
It.3 . T b.el w 1'll0

sill 1. 3 , A l4 aAa -4*9 .1
4A -4 a 41*A.I%* -4. 1-,-4' w 4.... Is-5 K~v A- 0 tA ` .cjZ.1 a

IAA. ~ ~ it Z-'~ S .4.3;, '~.4t .4.4 A35t1,.

"'4f 4 n NONA" 4 Is is mU "0 b t - f . * f.1 , !I S - s, s- `

("Az u PV , 0 U 3 t m f' 11 J-s -f~3Jj" -i .$ ( .-Its-*W : 11* 13 0 A:A1 304 S f&1 ,

~S. AI- I@0 %a &a aI 4~ 0. mo g 0#. I

122



SUDJECT: SUBU0UTINE COIPUE

PURPSEZ: SUBROTINE C0IPUTE controls the calculation
of the installed performance for a single
input case.

METHOD: Using the input performance data COMPUTE first
calculates atmospheric data and the reference
recovery factor (NIL STD 5008 B). Gross thrust
is computed for the input WF, W.1 and P8/PO.
The inlet module is called to find inlet drag
and recovery factor. Then a second gross thrust
calculation is made using values corrected by
the recovery ratio. The input array to the
afterbody module is loaded and the module
called to compute afterbody drags. Reference
afterbody drag is obtained by interpolation.
Now installed thrust is calculated by combining
the appropriate terms and the total calculation
is complete.

USAGE: CALL COMPUTE

All inputs are in labeled COMMON blocks.

Input variables are:

Mach, ALT, PS, P8 /Po, A9 , A8, FN, WFT

SFC, WO , Table 2.1, WBLD - f(Mach, ALT),
C

and Table 2.2, CD = f(tach).ABRE

All of these input variables are direct input
to the program or immediate consequences of
the input, e.g.

SFC - WF/FN.

SUBPROGRAMS: ATHOS DRAGAB INLDRAG

PERF SQRT TABUl

TABU2

13
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f Rf% .1,r?*RP. ,

(CALL PERFI

F% F
F a F m"

LOAD WJ

7C%.r.~ Ch 2S.2CDI A

'IRI

* PAUPREF - CD, AMX0-qi

I WW I S N - D@
I ý 111 IN AIE

L...m PC WF1

SFc - WPT

FNc

Figuire 2: FLOW CHART FOR SUBROUTINE COMPUTE (Concluderd)
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SUBJECT: SUBROUTINE TABIN

PURPOSE: SUBR0UTIN.- TABIN reads the Inlet performance
data deck, Cards 3.1 to 3.2.12.

METHOD: The input deck is read. Table 2A is enriched
as required to evaluate that table. If inlet
capture area is not input it is computed.

USAGE: CALL TABIN

All COMMON blocks in this routine are filled
by calling this subprogram.

SUBROUTINES
CALLED: SIZINL TABLI TABL2

TABL22 TABUl

21

S21 V

I b



Iot It,.

49 Iz I0 - 13xc xi
N W~ I- CO0a z 121-

0 4 z I Z 1-bI1-z4 ~

10- wuv

': :-" 1-'I ID O l~
0 !0 Il II~ z -cc~ tt A

I !C .9 1aN I Xt;( l I-I zI
N Al 

9-C 
~ N Z Z Q T T(A 11W4 n9 1W . 4. 1 o II I , 2 I tboli

4 b II." I N(YN 4 M t 1.2 Tx
fI I 41-2m . DT 'ltt o l DxzN1-- - -

.. NJN1 f ,04f o A0- '. :21;NCOb-t fm

VS-4- Vu .N4-w-

11 1` 11 ..4N* *2.2"..N-%2 *, , iA V 'I le 4
5, Z Z-~ ZN~'~~J4"N Z . (fLJ Z- ZA. Z 04u X '4. 4.

mowo 0 K440 m 00,0000 0m no 4p me .'Y 4 me- 4noIT -. 13 4 N ItN
M - 1 4% iu ý CY - It..b-Ell .3 0. 3U UQ 36 . %L 2. (3 .0' 3 P0.4,1 J Ni

z S*4 Z % % tl%-.*( J W*J ~ aa~O Z

.4 4-- C3 r4l. 1 -. 1~ af i .4 j 'j-3 I 1 - 4 -4 -- 1. t
l4% 12% % % ~ % %I ~ % 4.~b es4~ 4j 4 Is.'~~ .314. C2 1J4 M!4 -. 1 2C

w i 00 l C2n .0 000042 0lC 0. 0J,. 0. %nO C30 i 46 a 1.3 a 0 ý 4 0 C2.J 4j4L %a C31 .. ýj 1. La4 j j Cl Q . 3

CA'

Y 22



I fW.z
SAII

I' I

( .4 Z ty N C I

-4 -4
to0 ;'4

ejv, 49L

e t0 I$04 9 1 4

to, - 2 1.- -W 0- -1-INb. b

Z. %4 (6A r3* .4 JW4j . .4 .4 j j 946 4

W .r IL 4041. n-0 Ii. IL It) a11- a0 af T r .
49zM eatY b4 -j1 - 10o-0 J I b J"l .-. j.b- J njb -yI.J"*z% f~ "ill4 fill "- 114. 11 " 1- t- fW

i a UT UT T t - I- 553 4 IXVX' 3U A. &2V( 9e1 t( L) .4 .4 '3 (j 07 7I.3 Z3 a4 .

'4.4N.00 f N.af .I-) V18 'IIN U WN N 'IN" j tjC4#. P) 0 "YW ..pi%0.J'0 ONg r44 ." .1j I 'N %D tn % N N i %00O - 1mC-" 1.4.~ weU '1N4A 4 4 4~ 4 4 4 t .

Fa&"'ic 0A2 N IA4f A t.31 .11 %.3 aUf' 4 .1.U6 . Stl o'. j .4 .4 4 .14" I .4 IC2 cs w, C3 u~ C- 3t . 44'wwC, v'3%3: 0 4. 20C ' 3k . jwwc~r wC31I, -z -11Z
W . W 4 S iI J dt I ? 1 a ,J J I. 4 4 ? '0 ?I t' g ? i t I ! T J2 3. ¶



Z N,

N -4

' 
I j

ujz

a n

ar- f%.U%

Il2

.- B~

ZN

SJ b"4 p



14 ~ a.4t PP.4 N

QI 0 C4 1I&% sc % if2% ;

04 (A NN4

C-44 IN I g z

~~4C1.N4i O.4

flaU u~c3 0 U uUV C3 Uu

IIw4 414 e a NNN41 4. "J 0ar

x x 10 N a co M M

0 N t*NDaU
"Co. 40 I .4I MA -4 ll 4 IU-4 .4N

'? A In . 1t
4)ee " mM a .*Wri " 1-4N Y 343)NNNNN UUUUI'

Ii ~~~ oi IE~ I~ ~-I I-- I $A

on4 lc ."!Z. "'ll2t-4 IN, ) 25 no "A'

-- ,P ) '

us9 449! ..4,- 1r 21 4 4N 3 A N

oools# 13 M IN .2 N N"In a

SIn.. .4th N'g N**M 4r~ 1M 6

* 1 3, %3 9. 3 SS LA b-I3 'I 4) cA (L~
'A .W.a at o I 1- 2%- AC j% JI -1ý ~EJ fA J,3763 - 'J t z'. x.)e

atC c l 441 P t a a 4A42evf a I -3- 01 2a5 3
. -- - -



SUBJECT: SUBROUTINE INLDRAG Controls the Calculation of
Inlet Performance.

METHOD: After initialization M is interpolated and
0

compared with the minimum Mach number for
which inlet drag will be computed and with
the start Mach number to determine whir, inlet
mode to use. Low speed mode is computed in
INLDRAG: Subroutine AIRBYP computes external-
compression mode performance, and subroutine
AIRSPL computes mixed-compression mode. In
the two latter cases inlet drag coefficients
are interpolated and inlet drag determined.
The outlet array is loaded and subroutine is
complete.

USAGE: CALL INLDRAG (XM, P, WE, WS, DINLET, RF)

XM - Free-stream Mach number

P - Total free-stream pressure LB/FT2

WE - Engine corrected airflow, primary
LB/Sec

WS - Engine corrected airflow, secondary
LB/Sec

Output DINLET - Inlet Drag LB

Output RF - Inlet recovery factor

Input from COMMON

XMMIN - Minimum Mach for inlet drag caiculation

AC - Capture area - ft 2

Inlet Tables 1, 2B, 3, 4 and 5

Output in COMMON

0UTINL (10)

SUBROUTINES CALLED: AIRBYP AIRSPL AREAF

TABUl TABU2

26



Machoi mf Mach from Tae I

Mach: Machmin AREA= AREAF (Macho)

C D sp1  0 .Q0 M do s A

COULD 0 0.0

Ao1/Ac - 0.0 CDSPL - f (Aol/Ac, Macho) from Table 3
AolAc -0.0 

C
Ao/A 0.0 C BLD mf (AOBIAc. Macho) from Table 4

RIF-f (Msch 0 ) CDeyp f lAoeyp Macho) from Table 5

-- CDNL , CDSPL+CD 8 1 0 +CDeypIll

00 +fpto Mach 0 
2 (1+ 1j Macho02) y-

L DINI. - OACCDINL

OUTINL( 1) CDSPL OUTINU() Aoa/Ac

OUTINL(2) a CDBL OUTINL(S) UCOINL

OUTINL(3 = Co 8BY OUTINLI71 Ao/Ac

OUTINL(4) - Ao1IAc

Figure 3. FLOW CHART FOR SUBROUTINE /NLDRAG
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SUBJECT: SUBROUTINE SIZINL

PIURPOSE: SUBROUTINE SIZINL computes inlet capture area.

USAGE: CALL SIZINL

Inputs in C0MM0N/IDESIGN/ design Mach and
airflow.

Tables 1, 2B and 2C.

Output: AC ft 2

SUBJECT: FUNCTION AREAF

S.013858 ( I + L_; ! Mach 2  2 (y T
PURP0SE: AREAF = Mc

Mach v -

USAGE: A = AREAF (XMACH)

XMACH local Mach number

31



3

gSUBROIUTIEg

"SIZINI I

MaChODES - f (MachoEs) from Table 1

Pt2 /Pto - f (MaChDEs) from Table 2B

Ao/Ac - f (MaChDES) from Table 2C(:

Ao AREAF (MacoDES) Wc Pt2,/o

----
Ac - Ao/(Ao/Ac)

RETURN

FUNCTION

START I AREAF

L ... l

AREAF 0 ,013858(1+ Mach2 ) 2(7-1)

Mach VT

IRETURN

Figure 4: FLOW CHART FOR SUBROUTINE SIZINL AND FUNCTION AREAF
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SUBJECT: SUBROUTINE AIRBYP

PURPOSE: SUBROUTINE AIRBYP Computes recovery and mass
flow ratios for external compression mode inlets.

METHOD: AIRBYP matches the recovery and mass flow from
Table 2A to that obtained from function DEMAND.
Table 2A was enriched to 41 points per array
when input by SUBROUTINE TABIN. AIRBYP first
interpolates in this table to develop a curve
of RF = f (Ao/AC) at the input Mach number.

The 41st point of this table represents the

choked flow point, in Maximum (Ao/Ac). DEMAND

is called to compute (Ao/AC) for the RF at the
choked point. This Ao/A(C is compard to th,. A /A

of the choked point. If the A0 /AC from DEMAND
is greater than the maximum Ao/AC then the inlet

is choked and RF must be found such that
DEMAND(RF) = Ao/ACMAX. A Newton-Raphson iteration

is used to solve this case. Otherwise the inlet
is not choked and a solution for A /A exists
less than the maximum. A Regula F2lsi iteration
is used to match the recovery and mass flow.

In either case buzz and distortion limits are
checked and the other mass flow ratios computed.

USAGE: CALL AIRBYP

Inputs in COMMON include Mach number, air flow,
capture area and inlet tables. Other COMMON
blocks are- output.

SUBPROGRAMS: DEMAND FACINT IFIND

TABUl TABU2 WARNING

f 35



:START
:tD

BUILD RF - f (.Aa/Ac)CURVE FOR INPUT MACH NUMBER. LINEAR

INTERPOLATION ON MACH IS APPEIED POINT BY POINT TOUTHE
ENRICHED TABLE 2A. THE 41ST POINT REPRESENTS THE
CHOKED CONDITION.

A(K)- nMA Tn(.11-AA K I))AA(.I

No Old Curve
NowIs

MWI Lh StilN Good

MMw(hom - Mach 'h

INTERPOLATE FOR MACH IN ENRICHED TABLE 2A THUSLY:
FOR K a 1.41

INTERPOLATE FOR MACH IN ENRICHED TABLE 2A THUSLY
FOR K- 1,D41 P(K) XMFAC (PTAB K I + 1) - PTAB K(0) + PTAB 1K, 1)

AMK XMFAC (ATAB (K, I + 1 ) - ATAS (K, 1)) + ATA (K, 1)

WHERE I IS LaWER SO)UND OF MACH INTERNAL AND XMFAC =Mach - Mach()

Mmch(I + 1) - Mach (1)
[IFIND owl FACINT]

, I

CHECK FOR CHOKED FLOW CO)NDITION

C -A (41)L m - m -" m u
I I FUNCTION DEMAND COMPUTES|

A2 -DEMAND (P (41)) 1 Ao/Ac - f (RF) I

FC -C-A2 L-___. ________"I.. ..

C <A 2  "CHOKED

C:A 2  FLOW"

C > A2 C

Figure 5& FLOW CHART FOR SUBROUTINE AIRBYP
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Cuv

0 ý REGLILA FALSI
RF ITERATION

-7 2A TO FIND
_ 141141) INTERSECTIONJ

NON-CHOKED FLOW
Ao/Ac C

L R I fA/A)frmCuv

=(RF)

,F c 
4e

1:26I > 25

I EP

l< 25

L Ao/Ac -10C F - IAolAc) FC

F - FC

Figure&5 FLOW CHARTS FOR SUBROUTINE AIRRYP tCont)



CurveNEWTON-RAPHSON
cA. ITERATION TO FIND

RF P~o)INTERSECTIONRF

.CHOKED FLOW

A

AolAc C

Ao/Ac - A (411

F - FC

SECOND STARTING POINT
RF , P141)
X2 RF/2

F2- Ao/Ac - DEMAND (RF)

I -0

Xn- RF- F (RF- X2)

X2 - RF

F2 - F

RF - Xn

F AoAc - DEMAND (RF)

IF 1:e iI
< q 25 > 2F A . o

! g, ro .' FLOW CHANT f 0/? .5UB/ROUTINE AIRBYP (Cont)
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SUBJECT: SUBROUTINE AIRSPL

PURPOSE: SUBROUTINE AIRSPL computes recovery and mass
flow ratios for mixed-compression mode inlets.

METHOD: The various mass flow ratios are computed from
the input airflow and by interpolation in
Tables 6B and 2C. Recovery comes from Table 2B.
If bypass mass flow is negative; recovery is
recomputed so that the bypass mass flow is zero.
A message stating that the inlet is undersized
results.

USAGE: CALL AIRSP•,

Inputs in CONNU include Mach number, air flow,
capture area, and inlet tables. Other COMMON
blocks are output.

SUBPROGRAMS: TABUl WARNING
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!3

SART

'1. f t Mach) ftom Table 69

Ao, fMach) fromTable2C

Ao Ao/Ac + Aog/Ac:

jAc____

R - f (Macho) from Table 29

4
I ....... I - iI

j.AraW, RF
Ae Ac

------ Ao/Ac -AoE/ Ac

E 
At

~AOSy .m

"InAc -Is A
Ac RF -Ao/Ac = -

Area Wc

' ~RETURN--

Figure 6: FLOW CHART FOR SUBROUTINE AIRSPL
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SUBJECT: SUBROUTINE DRG

PURPOSE: SUBROUTINE DRG computes bottail drag for
convergent-divergent nozzle.

* METHOD: The built in nozzle data tables are defined in
the DATA statements of this routine. Boattail
angle is computed; then Mach is interrogated.
If Mach is less than .9 the subsonic procedure,
SUBBT, is used. Similarly if Mach is greater
than or equal to 1.0 the supersonic procedure
is used. If Mach is in the range from .9
to 1.0, then the subsonic procedure is used
with Mach equal to .9 and the supersonic
procedure with Mach equal to 1.0. Final results
are obtained by interpolating between the two
sets of results using Mach as the independent
variable. This provides a smooth transition
between the two Mach regimes.

USAGE: CALL SUBROUTINE (DMDG, DBDJ, LDJ, EMF, EMJD,
PTPF, THETA, GAM, ICON)

DMDJ Ratio of maximum to jet diameter

DBDJ Ratio of base to jet diameter

LDJ Ratio of length to jet diameter

EMF Freestream Mach number

EMJD Jet design Mach number

PTPF Ratio of Jet total to free-stream
static pressure

THETA Boattail trailing edge angle - degrees

GAM Ratio of specific heats

ICON = 0 circular are boattail

= 1 conical bogttail

Output in C0MM0N/A/

SUBPROGRAMS: ATAN SUBBT SUPBT
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Define Built-in ow

Tan~

2(IL/D)
Pr - Tan- 1 (Tan (8)

d - 57.36

MachMa 
1 Compute CoT CDBm and CT

: 0.07 Using Supsi on1c: Method

COIIIP~~~tSCDBTT COB. gnd Coo sn h usn c O[C(CALL SUSBTT
.<Mnh < 1.

ComputCDB-Tr CDB. l, &W CDTotl Usng the Subsonic

method with Mach Number Equal to .0

CompuvCOBT2, CDB.e2' and CD Tot2 Using the Supersonic

~[CALL 
SUPTIIT

CDST - COST1 + ST-|C~a - CDST)1

1.0 - .90

1.0- .9CDB ,CDBM + Wiph-.)JICDTM CDs&,

P-D~t - D~o, + ich-.9)ICDot2 -CTo. 1 )

Figure 7. FLOW CHART FOR SUBROUTINE ORG
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SUBJECT: SUBROUTINE CDC0NV

PURPOSE: SUBROUTINE CDC0NV moniters the convergent-
divergent nozzle boattail drag computation.

METHOD: CDC0NV computes the required input values for
SUBROUTINE DRG from the TEM-333 inputs. If
the supersonic procedure is to be used i.e.,
Mach X 1.0, these inputs include the design
Mach number of the nozzle which is solved
for by iteration. DRG is called; then boattail
drag computed from the CD obtained.

Note: The set DRG, SUBBT, and SUPBT were in
existence prior to TEM-333, hence the incorpor-
ation of this routine into the logic.

USAGE: CALL CDC0NV

Input through C0MM0N/ABIN/ and C0MM0N/AMAX/
Output includes D for interference routine
Flags PLUG = 0.0; BTTAB - 0.0 causes this
subroutine to be called.

SUBPROGRAMS: AEXHST DRG SQRT WARNING

)
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Do j j_

09I

Di 0 9(DBM) 1. + S
- I U -

L/ D9

[ Diameter for Inwtference Drag
Ds" D9O
0, *

< .9

Solution for Nozzle Deign Mach Number
Newton-Raphon Technique

Find PSIPO Ratio Such that AIA9 Equals

ha of Input Performance Point

(FUNCTION AEXHST)

I - 0 00

X -1 P/Po

X2 1- (PS Pdo

Figure 8: FLOW CHART FOR SUBROUTINE CDCONV
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Figure 8: FLOW CHART FOR SUBROUTINE CDCONV (Concludedi
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SUBJECT: SUBROUTINE PLUGMX

PURPOSE: SUBROUTINE PLUGMX computes boattail drag for a
Plug nozzle, mixed flow.

METHOD: Boattail angle is computed from the maximum
diameter, exhaust diameter, and plug length.
Then Mach is checked and either the subsunic
or supersonic method applied. Input tables
4.2.2 and 4.2.3 support the supersonic
procedure. Boattail drag is returned.

USAGE: CALL SUBROUTINE PLUGMX

Input from C0MM0N/ABIN/ and C0MM0N/AMAX/
Output includes DS for interference routine

Flags set such that: PLUG = 1.0

FLWMIX = 0.0

BTTAB = 0.0

Will cause this routine to be called

SUBPROGRAMS: AEXHST ATAN SQRT

TABUl TABU2
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S• - AEXHST(AE$.,gPOqo)

D -.

- T --1 1.0 - Cxv

DB,0.0 DBT T0.0

•~>0 .0

CDp 1.4 Tan (0) 10 -. _1 CDT f - (Mach, 0) from Table 4.2.2
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DBT, Cop10-" AMqx Cp ý .- "_HEPv

CFgeoa CVp_ r. !O Amex
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DUT a (CF g CF9 ) F9,

Figure 9: FLOW CHART FOR SUBROUTINE PLUGMX
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SUBJECT: SUBROUTINE PLUGNM

PURPOSE: SUBROUTINE PLUGNM computes boattail drag for
a plug nozzle, non-mixed flow.

METHOD: Boattail angle is computed from the maximum
diameter, the exhaust diameter and the plug
length. Then Mach is checked and eithcr the
subsonic or supersonic method applied. Input
tables 4.2.2 and 4.2.3 support the supersonic
procedure.

Boattail drag is returned.

USAGE: CALL SU.R0UTINE PLUGNM

Input from C0MM0N/ABIN/ and C0MM0N/AMAX)
Output includes DS for interference routine

Flags set such that: PLUG = 1.0

FLWMIX = 0.0

BTTAB = 0.0

Will cause this routine to be called

SUBPROGRAMS: AEXHST ATAN SQRT

TABUl TABU2
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C CD0 . 1.4Tmn(19) -CDT -f(jMach,0) frorn Table 4.2.2

Mach153  cv f IPSIPo) from Table 4.2.3
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Figure 10: FLOW CHART FOR SUBROUTINE PLUGNM
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SUBJECT: SUBROUTINE ABINPT

PURPOSE: SUBROUTINE ABINPT reads the nozzle performance
data deck, cards 4.1 to 4.2.6.

METHOD: The input deck is read. The thickness of the
annular base is doubled to account for top and
bottom when compared to the total jet diameter.
If A10 was input the table of Mach 9 vs. A8/A9
needed by subroutine CABTAB and the Ps/PAMB
lower thrust are computed. Tables not indicated
by the input flags are not read.

USAGE: CALL ABINPT

All COMMON blocks present are defined by
calling this subprogram.

SUBPROGRAMS: TABLI TABL2 'rABL3
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SUBJECT: SUBROUTINE SUBBT

PURPOSE: SUBROUTINE SUBBT computes boattail drag for
a convergent-divergent noz7le when Mach < .9.

METHOD: The quantity Dj 2J B . DM)is tested. If it is

greater than 0.25 boattail drag is determined
directly from built in tables XI and XII. If
not, an emperical method to develop base and
boattail drag is used.

USAGE: CALL SUBBT (DYDJ, DBDJ, EMF, PTPF, THETA,

ICON, GAM)

DMDJ Ratio of maximum to jet diameter

DBDJ Ratio of base to jet diameter

EMF Free-stream Mach number

PTPF Ratio of jet total to free-stream
static pressure

THETA Boattail trailing edge angle - degrees

GAM Ratio of specific heats

ICON f = 0 circular arc boattail

1 conical boattail

SUBPROGRAMS: CABTAB TABUl TABU2
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SUBJECT: SUBROUTINE SUPBT

PURPOSE: SUBROUTINE SUPBT computes boattail and base drag
for a convergent-divergent nozzle when Mach > 1.0.

METHOD: Boattail drag is computed using Table I, then
if a base has been defined base drag is computed
and added to compute a total drag.

USAGE: CALL SUPET (DMDJ, DBDJ, EMF, EMJD, PTPF, GAM,
TANB)

DMDJ Ratio of maximum of jet diameter

DBDJ Ratio of base to jet diameter

EMF Free-stream Mach number

EMJD Jet design Mach number

PTPF Ratio of jet total to free-stream
static pressure

GAM Ratio of specific heats

TANB Tangent of boattail chord angle

SUBPROGRAM: AL0G CABTAB EXP

SQRT TABUl

oi)
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SUBJECT: SUBROUTINE DRAGAB

PURPOSE: SUBROUTINE DRABAG monitors the afterbody drag
calculation.

METHOD: The input array is transferred to the afterbody
COMMON block ABINP. A check is made on Machnumber. If Mach is equal to zero drag is setequal to zero and no further afterbody calculations

performed. If Mach is greater than zero, boattail
drag, nozzle interference, and base drag routines
are called to compute the various drags. The
total airplane drag is returned for nozzle
interference and base drag so these are converted
to one engine values. The output array is
loaded with the various CD'S based upon area
AMAX (drag may have been computed using a
different area).

USAGE: CALL DRAGAB (ABIN, ABOUT)

ABIN (40) Input array

ABOUT (10) - Output array

The input array is defined as follows:

ABIN

1 AE8 Primary nozzle effective area - in 2

2 A8 Primary nozzle geometric thrust area - in 2

3 AE18 Fan nozzle effective area - in 2

.24 A18 Fan nozzle geometric thrust area - in

5 P/P0 Primary nozzle pressure ratio

6 P1 8 /P 0  Fan nozzle pressure ratio

7 FGIP Primary nozzla ideal thrust (actual mass flow) lb

8 FGIF Fan nozzle ideal thrust (actual mass flow) lb

9 PC Power setting

10 GAMMAP Primary flow specific heat ratio



ABIN (continued)

11 GhANAF Fan flow specific heat ratio

12 XM Free-stream Mach number

13 PAMB Ambient static pressure psia

14 Q Free-stream dynamic pressure psia

15 A9 Primary nozzle exit area in 2

16 A19 Fan nozzle exit area in 2

17 CFG Nozzle internal performance coefficient

18 DHEP

19 DHEF

20 PLUG Nozzle type designation

21 FLWMIX Mixed flow flag

22 DMAX Maximum diameter, in.

23 THICKB Total thickness of annular base, in.

24 ZLPLUG Overall plug length, in.

25 ZLBTAL Nozzle boattail length, in.

26 S Nozzle centerline spacing, in.

27 ABASE Base flow area, in 2 .

28 BTTAB Boattail table flag

29 THETA

30 XDNI Number of nozzle interference spacings

32-40 Not defined

SUBPROGRAMS: DBASER DBOATR DINTFR
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ARROUTUT TOMINU

0?ZERO

(CALL D8OATR IDB .

Compute total A/P CN .

Nozzle interference Drag.
a D:NIAA/P CBS

[CALL-DINIARI (0oen0

LoADut toUtPUT ARRA
mDArag DBT+DN

DNI DNI / (No AMA )

CDI*DNI,/(Q AMAX)

Figure 73: FLOW CHART FOR SUBROUTINE DRAGAB
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SUBJECT: SUBROUTINE DB0ATR

PURP0SE: SUBROUTINE DBDATR monitors the calculation of
boattail drag.

METHOD: The input flags PLUG, FLWMIX, and BTTAB are
interrogated to determine which boattail
method is desired and the appropriate routine
selected.

USAGE: CAL DB0ATR

Input through COMM4N/ABIN/

SUBPROGRAMS: CDC0NV DBTTB PLUGMIX PLUGNM

85I



START

<0
Mach DOT 0-0

> 0

tabular Yes CDOT 16 1 palated

option? from tsWe 4.2.1
(CALL DBTTB)

No

plus No CALLCONVERGENT
nozzle? NOZZLE MODULE

[CALLCDCONVI

yes

MiKed Yes CALL MIXED FLOW

Flow? PLUG NOZZLE -400.
MODULE
ICALLPLU

No

CALL NON-MIXED
FLOW PLUG
NOZZLE MODULE
[CALLPLUGNM)

CR:E T U R tN

figurelIP: FLOWCHART FOR SUBROUTINE DBOATR
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SUBJECT: SUBROUTINE CABTAB

PURPOSE: SUBROUTINE CABTAB computes afterbody drag as a
function of A9 /AI 0 , P9/PAMBI and Mach.

METHOD: The drag coefficient is input in tabular form
in input Table 4.2.4. Mach and A,/A, are known;,

.; J. 0
the suprogram computes P9/PAMB after interpolating

Mach 9 = f(A 8 /A 9 ) from a table generated by the

program. The table cenerated in the input
routine ABINP is developed as follows:

For Mach9 = 2.8, 2.6, 2.4 ... , 1.0 compute

+l+1

As/A 9 = My+l) 2(y-1) Mach9 (1+1_1 Mach9 2)2y1)

The resulting array of A8 /A, is strictly

increasing; hence serves as an independent
variable array with Mach9 as the dependent
array. The subroutine also checks P8 /P0 against

1 lower bound value of P 8 /POLB = i/(

The C DAB obtained from Table 4.2.4 is based on

an area A whereas the program uses AAx (most
10MA

of the time these two inputs will have the same
value), consequently the CD is ratioed by A10/AMAX

before returning to the calling program.

USAGE: CALL CABTAB (CAB, AM)

Output CAB - Afterbody drag coefficient

AM Free-,stream Mach number

Input from C0MM0N/ABINP/,/AMAX/,/AREA10/,/P8PAL/,
/XMACH9/, and /ABTAB6/

SUBPROGRAMS: TABUl TABU3
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II

SUJUCT: 'U0TMINi DINYF

PURPOSE: SUlDWTINE DINTJR computes nozzle interference
drag.

METHIOD: The ratio S/D is interrogated to determine if
it is greater than 1.0. If so# CD is
interpolated from Table 4.2.6 and total inter-
ference drag computed.

USAGE: CAL DINTYR

Input through CONUON/AJIN/ except D which is
input in CUI•N/DIPACGI. D Ws an output from
the boattail routines except when C is

interpolated from Table 4.2.1. In this latter
case D B 1.0, then nozzle interference drag
can be input only as a function of Mach and
some constant S/D ratio where the rat.o is
input instead of the nozzle centerline spacing
for variable S.

SUBPROGRANS: TABU2
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START

F 16: FLOWCART 1.0 O T NT

'S

a 5-..-. - toJ•..%•-

f- - -it. M -=.ON

R MN

Now: O €omped by boattaN drag rouimn

FO"• 16: FLOW CHANT FOR SUBmROUTINE DINTFR
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SUBJECT: SUBROUTINE DBASER

PURPOSE: SUBROUTINE DBhER computes total airplane base
drag.

METHOD: If a base area is input the base pressure
ratio is interpolated from Table 4.2.5 and
drag computed.

USAGE: CALL DBASER

Input form C0 0N/ABIN/

SUBPROGRAMS: TABUl

"101
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Note: ABASE is Input In field 8 of card 4.,1.1

i ~FigurelA7 FLOW CHART FOR SUBROUTINE DBASER
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.SUBJECT: SUBROUTINE FIXDIM

PURPOSE: SUBROUTINE FIXDIM determines the dimensions
of the nozzle throat and nozzle exit inputs.

METHOD: The input flag is interrogated and three flags
are returned indicating input type and
dimension.

SUSAGE: CALL FIXDIM (FLAG, J, K, L)

FLAG - Input code value

J = 0 area input, = I diameter input

C K = 0 inches, = 1 feet

L = 0 ignore, = 1 (A9 /A 8) input.

10
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SUBJECT: SUBROUTINE ATM0S

PURPOSE: SUBROUTINE ATM0S computes ambient pressure and
temperature using empirical equations for the
1962 U. S. Stand4rd Atmosphere.

METHOD: Altitude is tested to determine which region
it is in, then the appropriate eqaations are
applied. If altitude exceeds 100,000, an
error is assumed and altitude will be divided
by ten until it is within the required range.

USAGE: CALL ATM0S (ALT, TAMB, PAMB)

ALT - pressure altitude

"TAMB - ambient temperature

PAMB - ambient pressure

SUBPROGRAMS: EXP WARNING
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II

START

Twb 618.0 - .0=03618 ALT

518W

-I

>Io

Twn T - 364.18 + .0006M3 ALT

ALT: 10002 30.4757 - aG43Tam

> 100000

it I
iN

Figure 18. FLOW CHART FOR SUOROUTINE ATMOS
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SUBJECT: SUBROUTINE PERF

PURPOSE% SUBROUTINE PERF controls the calculation of
gross thrust.

METHOD: Mass flow, enthalpy, pressure, and relative
pressure are developed for the nozzle throat.
The thermodynamic properties at th- throat are
computed, then gross thrust computed from
propulsive nozzle performance analysis.

USAGE: CALL PERF (WFT, WO, PT80P?, TT0, PAMB, FG, A8)

Input WFT - Fuel flow lb/hr

WO - Air Flow lb/sec

PT80PA- Nozzle throat pressure ratio

TT0 - Total temperature degrees R

PAMB - Ambient pressure PSF

Output FG - Gross thrust lbs

A8 - Nozzle throat(given) ft 2

SUBPROGRAMS: CHKRP GTHRST PR0FH
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We - Wo + Wf
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PS (VP/o) ,amb

PRO - PROFH (H8. FOA9)

COMPUTE CHOKER THROAT
PROPERTIES

[CALL CHKRP]

S~COMPUTE PROPULSIVE

NOZZLE PERFORMANCE
(CALL GTHRST]

C RE:TU RN)D

Figure 19: FLOW CHART FOR SUBROUTINE PERF
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SUBJECT: SUBROUTINE OUTGO

PURPOSE: SUBROUTINE 0UTG0 prints a matrix of performance
output.

METHOD: The output for NALT power settings at a Mach-
altitude combination has been stored in the
array 0UTP. A FORMAT is built t6 print the
variable name on both the left and right of the
output columns. The matrix is printed and any
indicated punching of MARK II data is done.

USAGE: CALL 0UTG0 (NALT)

NALT - Number of columns in output
matrix = 10.

Input in COMMON

0UTP (45,10) output matrix

PC0DE punched output flag

DA, TE date, alphanumeric

TITLE (8) run title

MACH Mach number

Output

IWARN Error message indicator
introduced

SUBPROGRAMS: MIN0 M0D
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Y SUBJECT: SUBROUTINE WARNING

PURPOSE: SUBROUTINE WARNING identifies the point to
which the warning which follows applies.

METHOD: If no warning message has been written since
the last printing of an output maLrix, a heading
is printed. In any event, the case number,
Mach, altitude, and power setting is printed.
The calling subprogram will then print the
appropriate message.

USAGE: CALL WARNING

Input in COMON

IWARN Error message flag

CASE Case number

ALT Altitude

MACH Mach number

PS Power Setting

Output: STATUS Error flag for case.

1
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SUBJECT: SUBROUTINE STORE

PURPOSE: SUBROUTINE STORE moves the results for a single
( case to the output matrix.

METHOD: The COMMON block OUTS contains the output for
the case just computed with the individual
variables in exactly the order to be printed.
This data is transferred to C0MM4N block 0UTP.

USAGE: CALL STORE (NALT)

NALT - number of cases at current
Mach altitude = 10

O 0UTS (45) - output for NALTTH case.

NVAR - number of OUTS locations
being used.

Output OUTP (RT,10) Output 'matrix.

1(
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SUBJECT: SUBROUTINE CHKRP

PURPOSE: SUBROUTINE CHKRP calculates the thermodynamic
properties at the throat and the total/static
pressure ratio at the sonic condition.

METHOD: FUNCTION C0FH is called to compute sonic
velocity. Then enthalpy is computed using
the entry total enthalpy and the source
velocity. Critical static temperature and
relative pressure are computed as functions
of enthalpy and fuel-air ratio. Pressure is
derived from entry pressure and the relative
pressure.

USAGE: CALL CHKRP (PI, Hi, PRI, F0AI, PAM, TC, C, PC,
PlOPAM, PIPCC)

P1 Entry total pressurg PSF

Hi Entry total enthalpy, BTU/lbM

PRl Entry relative pressure

F0Al Entry fuel-air ratio

PAM Ambient static pressure, PSF

TC Critical static temperature,
degrees R

C Critical sonic velocity ft/sec

PC Critical static pressure, PSF

PlOPAM P1/PAM

PIPCC P1/PC

SUBPROGRAMS: C0FH PR0FH T0FH
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SUBJECT: SUBROUTINE GTHRST

PURPOSE: SUBROUTINE GTHRST computes the performance of
propulsive nozzles.

METHOD: Outlet conditions are computed, then nozzle
ideal exit velocity. Nozzle throat static
pressure is compared to ambient pressure
to determine which temperature, pressure,
and velocity to use in the calculation of
nozzle throat area. Gross thrust is computed
by the appropriate equation.

USAGE: CALL GTHRST (XN0ZZ, PRl, P1, Hi, WI, F0Al,
PAM, CV, CD, TCS, PCS, VC, H2, T2S, V2, A, FG)

XN0ZZ - 1-0 for convergent-divergent nozzle;

2.0 for convergent nozzle.

P121 Nozzle inlet relative pressure

P1 Nozzle inlet total pressure PSF

Hl Nozzle inlet total enthaipy BTU/LBM

W1 Nozzle inlet mass flow LB/SEC

F0AI Nozzle inlet fuel-air ratio

PAM Ambient static pressure PSF

CV Nozzle velocity coefficient

CD Discharge coefficient

TCS Nozzle throat static temperature
degrees R

PCS Nozzle throat static pressure PSF

VC Nozzle throat velocity ft/sec

Output H2 Nozzle outlet static enthalpy BT1I/LBM

T2S Nozzle outlet static temperature
degrees R

131



I
Output (continued)

V2 Nozzle ideal exit velocity ft/sec

A Nczzle throat area ft 2

FG Gross thrust lb

SUBPROGRAMS: AREA H0FPR SQRT

T0FH

132



* PR2 - (PRI)(P~,.b)

T'-

H2 - HOFPR (PR2 . FOA 1 )

T2S - TOFH (H2 . FOA 1)

AF W H1 - H2

H . 0 " 0 14 0 .0 A N
A 0 " 0 

A > 0.0

Figure-E V 20:FLW.CAR FOR SURUH EGHS

s P33

ARANEA (W1,T2S, Pmd*,Vc A AREA MW, Tcs, PCs, Vc, CD)

•-- - 1.o

Fe WI V2 (CV) W1 wVc fCV)+A (P -P

,. go F0" go "

Figure 20: FLOW CHART"FOR SUBROUTINE GTHRST
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- SUBJECT: SUBROUTINE DATA

PURPOSE: SUBROUTINE DATA provides a card image output
of all data cards input to TEM-333.

METHOD: Data cards are read from TAPE1 (INPUT),
written on TAPE5 and OUTPUT. A card count
is provided. Upon sensing an end-of-file
of TAPE1, TAPE5 is end-filed and rewound.
All subsequent input is from TAPE5. The
INPUT file is equivalent to TAPE1 to provide
a logical number for the E0F test.

USAGE: CALL DATA

INPUT file must be in desired position when
subroutine is called.
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SUBJECT: SUBROUTINE PLACIN

PURPOSE: SUBROUTINE PLACIN reads a tabular array. A
count of points is provided for independent
variables.

METHOD: If the number of fields input, NF, is equal to
zero, then data is read until the maximum
allowable number of cards has been read or
until a 1 is input in column 72. A field by
field count is made on the last card image so
that the total number of non-blank fields is
returned in NF. If NF is positive, then NF
values are read. All arrays are formatted
ten field-seven digit.

USAGE: CALLPLACIN (A(l),NF,NCARD)

A - array to be filled

NF - number of fields to read or if zero
on input, the number of fields read.

NCARD - the maximum number of cards to be
read if array is full.

SUBPROGRAM: K0UNT
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SUBJECT: SUBROUTINE TABLi

PURPOSE: SUBROUTINE TABLI inputs tables of the form
F = f(x), table format 1.

METHOD: SUBROUTINE PLACIN is called to read and count
the independent array, then recalled to read
the dependent array.

USAGE: CALL TABL1 (T (1), MAX, N)

T - Table to be read

MAX - Maximum number of points in X irray.

Output - N - Actual number of input puints
in X array.

STORAGE: The table T is stored as follows:

Address T(1) (T(2) T (Max) T (Max+l) T(2 Max)

Cont@nt X(1) X (N) F( 1 ) ... F (N)

N MAX

T can be specified in the calling program by

either:

DIMENSION T (2MAX) or C0MM0N/T/ TX(MAX),TY(MAX)

SUBPROGRAMS: PLACIN
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SUBJECT: SUBROUTINE TABL2
PURPOSE: SUBROUTINE TABL2 inputs tables of the form

F = f(X,Y) -square matrix, table format 2Q.

METHOD: SUBROUTINE PLACIN is called to read and count the
Y array, then again to read and count the X array.
Then for each input Y point PLACIN is called to
read NX points of the dependent array.

USAGE: CALL TABLE-2 (T, MAXX, MAXY, NX, NY)

T -- Table to be read

MAXX - Maximum number of points in X array

MAXY - Maximum number of points in Y array

_ _Output NX - Actual number of X array points input

Output NY - Actual number of Y array points input.

STORAGE: The table T is stored as follows:

Address T - - - T(MXX) T - - T
(1)(MAXX+)- (MAXX+MAXY)

Content X " - X(NX) Y(1) - - Y(NY)

Address T (MAXX+MAXY+l)- " T(MAXX+MAXY+NX) -T (12MAXX+MAXWI)

Content F - - - F F
(1,1) (NX,l) (1,2)

Address T((NY+l) MAXX+MAXY+l) T ((NY+1)MAXX+MAXYtNX) - -

T ((MAXY+1)MAXX+MAXY)

Content F (1i,,Y-) Z-F (NX,NY)

T can be specified in the calling program by

either:

DIENSI0N T(MAXX+MAXY+(MAXX) (MAXY)) or

C0MM0N/T/TX (MAXX) ,TY (MAXY), TF (MAXX, MAXY)

, 146



SUBPROGRAM: PLACIN
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SUBJECT: SUBROUTINE TABL3

PURPOSE: SUBROUTINE TABLE3 inputs tables of the form
F = f(X,Y,Z), table format 3.

METHOD: SUBROUTINE PLACIN is called to read and count
the Z array, the Y array and the X array in
turn. Then is recailed to, read a lependent
array corresponding to the X values for the
first Y and Z; then for the second Y, etc.
This Is repeated for each Z value in turn.

USAGE: CALL TABL3 (T, MAXX, MAXY, MAXZ, NX, NY, NZ)

T - - Table to be read

IAXX Maximum number of points in X array

MAXY - Maximum number of points in Y array

MAXZ - Maximum number of points in Z array

Output NX - Actual number of X array poin arput

Output NY - Actual number of Y array points input

Output NZ - Actual number of Z array points input

STORAGE: The table T is stored as follows:

Address T(1) T(MAXX) T(MAXX+1) T (MAXX+MAXY) I

Content X(l) X(NX) Y(i) Y(NY)

Address T (MAXX+MAXY+I) T (MAXX+MAXY+MAXZ) T (MAXX+2MAXY-4AXZ+)i

Content Z(l) Z(NZ) F(1,I,i)

Address T (MAXX+MAXY+MAXZ+NX) - - T (2MAXX+MAXY+MAXZ+I)

Content F(NX,21,1) F(211,1)

NXIMAXX NYSKAXY, NZ-MAXZ
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T can be specified in the calling program by
either:

DI4EINSI0N T (MAXX+MAXY+MAXZ+ (MAXX) (MAXY) (MIXZ))

or C0MZ0N/T/TX (MAXX) ,TY (MAXY) ,TT. (MAXZ,
TF (MAXXIMAXY ,MAXZ)

Note: dependent array stored in natural

FORTRAN order.

SUBPROGRAM: PLACIN
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SUBJECT: SUBROUTINE TABL22

PURP0SE: SUBROUTINE TABL22 inputs tables of the form
F = f(Y,Y) skewed matrix, table format 2K.

METHOD: SUBROUTINE PLACIN is called to read and count
the Y array. Then for each Y value in turn,
PLACIN reads and counts and X array and the
corresponding F values. Th% various X arrays
need not have the same number of input points.

USAGE: CALL TABL22 (TMAXY,MAXXNYNX)

T - - Table to be read

MAXY - Ma^imum of points in Y array

MAXX - Maximum of points in X array

Output NY - Actual number of Y array points input

Output NX - Array with actual numbers of X array
points input

STORAGE: T(l) T(MAXY) T(MAXY+l) T(MAXY+MAXX)

Y(l) Y(NY) X(1,1) X(NX(l),l)

T (MAXY+MAXXII) - - T (MAXY+ (MAXY) (MAXX) ,i) - -

X(1,2) X(NX(NY),NY)

T (lAXY+ (MAXX) (MAXY)+1 - - T (MAXY+MAXY (2MAXX))

F (1,1) F (NX (NY) ,NY)

T and NX are specified in the calling program
by either:

DIMENSION T(MAXY+MAXY(2MAXX)), NX(MAXY)

or C0MM0N/T/TY (MAXY), TX (MAXX,MAXY), TF (MAXX,.MAXY)

Note: X and Y have been reversed in the actual
coding of this routine, but to be consistent
with the write-ups for the other TABL
routines, the outer loop variable is
called Y in this write-up.

SUBPROGRAM: PLACIN
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SISCTION III

DESCRIPTION Or FUNCTIONS,.AND LISTINGS

SUBJECT: FUNCTION AREA

PURPOSE: FUNCTION AREA computes flow area

METHOD: AREA RW T - sq. ft.PVD

USAGE: A = AREA (W, T, P, V, CD)

W Inlet mass flow lb/sec

T Nozzle throat static temperature
degrees R

P Nozzle throat static pressure lb/ft 2

V Nozzle throat velocity ft/sec

CD %ischarge coefficient = 1.0

167
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SUBJECT: - Thermodynamic function set; H0FT, T0FH, PR0FH,
C0FH, and COFHS.

PURPOSE: The thermodynamic function set produces data
from Keenan and Kaye Gas Tables to the program.

METHOD: A polynomial fit of the tabular data is used.
The appropriate coefficients are detirmined
by the checking the range of the input variables.

USAGE: H - HOFT (T,F0A)

T = T0FH (H,F0A)

PR a PR0FH(H,FOA)

H = H0FPR(PR,F0A)

C - COFH(HTFOA)

C = COFHS (HS,FOA)
H Enthalpy BTU/lb T temperature degrees R

F0A fuel/air ratio PR relativepressure

C sonic velocity ft/sec HT total enthalpy BTU/lb
3

HS static enthalpy BTU/Io

The fuel is assumed to be a hydrocarbon of
composition, CN HN 2 N.

)
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75-1

SUBJECT: FUNCTION K0UNT

PURPOSE: FUNCTION K0UNT counts the number of input
points on a ten field seven digit input
card.

METHOD: Starting with the right most fieli a test
is made for a blank field. Upon ..inding
a non-blank field that field number is
returned as the input count.

USAGE; K = K0UNT (CARD, NFI)

CARD - Array of input points

NFI - Maximum fields defined on card
-10

)
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SUBJECT: FUNCTION DEMAND

PURPOSE: FUNCTION DEMAND computes engine demand, Ao/Act

as a function of recovery factor.

METHOD: DEMAND = Area RFWC + Area RFW + ABY

AC AC Ac

where AOBY is from Table 7

AC

USAGE: A0AC = rvMAND(RP)

RF is recovery factor

Area = AREAF (Mach)

WC = Engine airflow

W S •Secondary airflow

AC = Capture area

SUBPROGRAMS: TABU2

18

189
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SECTION IV
4

CROSS-LISTING FOR PROGRAM TEM-333

196
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